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Preface 
The semiconducting and metallic properties of nelectron rich systems have drawn 
considerable attent~on in past several years The real break through occurred aRer the 
Nobel-prize winning d~scovery of electrically conducting polyacetylene in the year 
2000 In a carbon cham [(-C=C-C=C-C=C-),I consistmg of alternating slngle (mbonds) 
and double (n-bond) bonds, the n-electrons are less tightly bond w ~ t h  respect to a- 
bonds Hence, n-electrons are delocal~zed over several carbon atoms in the chain, and 
this gives special features to the electrical and optical properties of polyconjugated 
systems Since, conductmg polymers are partially crystalline and partially amorphous, 
both delocal~zed and locallzed states are present, and delocalization of mlectrons 
depends on the extent of disorder, mterchain interactions, etc. The disorder-induced 
localmtion plays a dominant role in the metal-insulator (M-I) trans~tion and transport 
properties of conducting polymers and mobil~ty of carriers In devices. 
The counterion-processed PANI system is an  deal system for mvestigating the role of 
morphology and molecular recognit~on interactions in M-I transitions In the present 
work, PANI has been doped by dopants like (camphor sulfonic acid (CSA), dodecyl 
benzene sulfonic acid (DBSA) and 2-acryloamido-2-methyl- 1 -propane sulfonic acid 
(AMPSA), and its transport propert~es are investigated by studying its low temperature 
conductiv~ty and magnetoconductivity (MC). The MC in PANI-AMPSA is positive 
(negative) m transverse (longitudmal) directions WL-EEI interaction theory is used to 
analyze the data The anisotrop~c MC in PAM-AMPSA is due to the interplay of 
contributions from weak localizations (WL), electron-electron mteractions (EEI) and 
hoppmg transport This suggests the presence of local molecular-scale quasl-two 
dimensional (q-2D) ordered regions in PANI-AMPSA, wh~ch are absent in the other 
two systems The data analysis yields consistent values for various length scales 
(inelastic scattering length, local~zation length, etc) according to t h ~ s  model These 
results indicate that the surfactant counterion plays a major role 1n local molecular-scale 
order~ng and charge transport properties in doped PAN1 The mesoscopic morphology 
of doped PAN1 1s also hght of phenomenon of molecular recognition 
Among the various ava~lable methods, Terahertz-Time Domain Spectroscopy (THz- 
TDS) is one of the most accurate for the determination of complex index of refraction 
(n), dielectric constant (E) and complex conductivity (a) The technique has been 
successfWy used for the optical and electrical characterization of inorganic 
semiconductors like doped silicon, n- and p-type galhum arsenide and d~electrics like 
crystallme sapphire, quartz, ksed silica, etc It is a contactless method and the 
parameters (n, E and a) are obta~ned directly w~thout carrylng out the complicated 
Kramers Kronig analysis For the first time, this technique has been used for 
mvestigating carrier dynamics of conducting polymers like doped PPy and poly(3- 
methyl thiophene) (P3MT), another conducting polymer which has shown interesting 
electronic properties suitable for polymer electronic device fabrication like Schottky 
diode, in'sulated gate field effect transistor (IGFET), etc 
Various investigators working in semiconducting polymers have come up with 
interesting but most of the research effort was focused on fabrication of poIyrner based 
IGFET with improved performance like, high onloff ratio, stable V-I characteristics, 
improved transfer characterlst~cs and higher drain current. However, a clear 
understanding of the nature of charge transport IS still lacking, since the models for 
charge transport in polymer devices are yet to be hlly developed. Above all, there is no 
data available for AC impedance of channel as a function of frequency at vanous DC 
bias, since it's a quite difficult experiment to carry out m polymer transistors In the 
present work, such a methodology has been developed on a general basis, so that it 
could be applied to any 2/3/4 terminal device in presence of DC bias (current or 
voltage) to any two sets of terminaIs (only one set of terminal for a two termmal device 
like Schottky diode, LED, etc) The technique employs a DSP lock-in amplifier (I  - 
100 KHz) to measure the impedance of the SourceIDrain channel when the device is 
DC biased at saturation region The experiment was performed on a poly(3-hexyl 
thiophene) based All Polymer-IGFET (AP-IGFET) at 25 and 50 O C .  Notable difference 
were observed in the frequency response of the device Besides, the data at 50 O C  
showed lower impedance, and there is no dependence on gate bias at this temperature 
On the other hand, the room temperature data showed a consistent dependency on gate 
bias Analysis of data was carried out by Bode plots for the determmation of equivalent 
circuit of channel impedance as a hnction of temperature in the frequency range of 
interest. Bode plots have provided a new platform for analyzing and undertanding 
device physics and showed some definitive features related to the local charge transport 
in AP-IGFET, and the equivalent circuits of polymer devices can be obtained 
To conclude, the thesis is focused on the AC and DC transport of conducting 
polymers and devices Conductiv~ty and MC measurement as a function of temperature 
on doped PAN1 systems has revealed the fact that structural morphology plays a crucial 
role In determining the nature of DC transport in such systems Anisotropic MC and 
quantum corrections to the low temperature conductivity and MC have been observed, 
for the first time, in PANI-AMPSA The techmque of THz-TDS has been applied to 
probe the camer dynamics of doped PPy and P3MT systems in T H .  frequency domam, 
for the first time While the AC conduction in PPy follows Drude theory, P3MT is m 
accordance with localization modified Drude theory, which indicates that the degree of 
disorder in P3MT is greater wlth respect to PPy A novel method for the measurement 
of AC impedance of SourceDrsun channel as a hnction of frequency, gate bias and 
temperature for IGFET has been developed. The impedance data are analyzed by 
network theory (Bode plots) to obtain the equivalent circuit, and a profound 
understanding of the operational mechanism of polymer transistors. This new device 
characterization method in polymer electronics is expected to make considerable 
improvement in understating the device physics of semiconducting polymer matenals 
